Home health care nurses are at risk of needlesticks and blood exposures, yet few studies have been conducted related to such exposures in the home health care setting. This article describes a cross sectional prevalence pilot study of needlesticks and blood exposures conducted among three home health care agencies in the San Francisco Bay area. Needlestick and blood exposure reports from 1993 to 1996 were submitted from three home health care agencies. The exposures were categorized using an existing categorization system and compiled into a composite report. A total of 52 exposures occurred; nurses sustained 92% of exposures. Twenty-three percent occurred before, during, or after needle disposal; 17% from manipulating intravenousl access ports; 15% from improper disposal; and 13.5% during or after blood draw. Needle safety devices need to be specifically designed for the unique home health care setting and for a standardized rate of calculating needlestick injuries in this setting. I t is estimated that approximately 6 to 8 million individuals work in the health care industry in the United States. Approximately 800,000 sharps injuries occur among this population each year (NIOSH, 1999) . Nurses sustain the greatest numbers of needlestick injuries. Data from the Exposure Prevention Information Network (EPINet) indicate that nurses account for nearly 50% of reported needlestick injuries (Parker, 2002) . Many of these needles ticks are attributed to equipment design rather than careless staff (NIOSH, 1999; Tan, 2001) , indicating these injuries are preventable. Most of these injuries occurred when using syringes. Five activities linked with needlestick injuries are (Tan, 2001 ): • Disposing of needles. • Giving injections.
• Drawing blood. • Recapping needles. • Handling of trash and dirty linens. Nurses perform the majority of these activities.
Reports on needlestick injuries and analyses have traditionally been from the hospital and other health care facility settings. However, one particular setting, that of home health care, has been conspicuously absent in these reports.
The home health care industry experienced rapid growth in the past 20 years (Munchus, 1999) . More than 20,000 home care agencies in the United States deliver care to approximately 6.2 million individuals (National Association of Health Care [NAHC), 2001) . The growth in the home health care industry was in response to the growing number of older individuals with functional disabilities, consumer preference for care in the home, and technological advances that make it possible to bring increasingly complex treatments into the home (Friedman, 1999) . The Bureau of Labor Statistics (BLS) and the Healthcare Financing Administration (HCFA) each keep different sets of statistics on employees in the home care industry, depending on different parameters. According to the National Association of Home Care (NAHC) (2001 Limited research is available related to needles tick injuries in home health care. The purpose of this study is to report the results of an analysis of needlestick injuries in home health care. discuss the implications of these findings. and propose ways to calculate needlestick injury rates in this unique setting. Smith (1993) noted that home health care has similar hazards as hospital based health care. but with the added risk of the work environment being less standard. predictable. and controlled. The type of care needed requires nurses to be able to perform complex procedures in this setting. In addition. employers of nurses in home health are less able to control the environment (e.g.• lighting; crowded conditions; nonadjustable furniture; cramped work areas; isolated with agitated. confused. or abusive clients). which increases the risk of needlestick injuries (Haiduven, 2000; Hanrahan. 1997) .
BACKGROUND AND LITERATURE REVIEW

Home Health Care Work Environment
Sharps Injury Data Sources
The Exposure Prevention Information Network (EPINet) and National Surveillance System for Healthcare Workers from the Centers for Disease Control and Prevention (2003) 
Sharps Injuries Reports from the Home Health Care Setting
Data related to needles ticks in this setting are scant. In one study. home health care agencies in northern California were surveyed to evaluate the spectrum of services and procedures performed in home care. and the presence and type of educational programs in occupational health (Smith. 1993) . Needlestick injuries. and infections or exposures by other means. accounted for 14% and 6%. respectively. of the injuries reported to have been sustained by home health care workers while on the job. Although the response rate for this survey was only 34%. the results did indicate that needles tick injuries are a health risk for home care providers. of which nurses comprise the majority of workers.
Another survey was conducted among a random sample of 600 home health care agency directors to determine the frequency of needlestick injuries to employees working in the home care setting (Backinger, 1994) . Two hundred and seventy eight directors participated. with a 46% response rate. Of the 226 (81%) agencies reporting needlestick injuries, 102 (45%) reported there had been none in the previous year. The frequency of needlestick injuries reported ranged from I to 134. for a cumulative total of 475; 25% of agencies reported 1 injury and 13% reported 2 injuries during the previous year. The highest number of needlestick injuries reported by anyone agency was 134. The next highest numbers were 22. 21, and 19. but only one agency each experienced this frequency of needlesticks. Seventy-six percent reported using safer sharps containers (e.g.•plastic hospital-like containers. steel containers). 10% reported using unsafe sharp containers (e.g.• plastic milk bottles. plastic bleach bottles. coffee cans. glass jars. powdered drink mix containers). and 13% reported using both. In addition. 21% of participants reported using hypodermic needles with safety features and 44% reported using needleless system or recessed needles. Limitations of the study included the inability to determine which category of worker sustained the needlestick injuries as well as a lack of descriptive information on the needlesticks. Perry (2001) extracted EPINet data from 84 hospitals from 1993 to 1998 to determine those needles tick injuries reported from home health care settings. Eightyseven percent of the needlesticks in the home health setting occurred in nurses. Of those. 40% were high risk (occurred with blood drawn or intravenous [IV] access). The majority of the injuries resulted from winged steel needles. phlebotomy needles. and lancets while drawing blood. Forty-eight percent occurred while disposing of equipment. When compared with hospital health care workers. home health care workers had a higher frequency of injuries from blood-filled needles.
Regulatory ISSUBS
The Nccdlestick Safety and Prevention Act (NSPA) was passed in 2000 (House of Representatives, 2(00), requiring a revision to the Occupational Safety and Health Administration's (U. S. Department of Health and Human Services, OSHA) Bloodborne Pathogens Standard (OSHA, 1991. 200I) . A summary of the OSHA modifications required is as follows: • Modification of the definition of sharps engineering controls.
• Requirement for sharps injuries to be reported on a Sharps Injury Log with type and brand of device, description of the incident, and area where the incident occurred included.
• Inclusion of non-managerial employees in the selection, purchase, and evaluation of safer devices.
In one article focusing on the implications of the NSPA for home care. Friedman (2001) discussed how OSHA may not cite a home care and hospice organization for site specific violations, but may cite them for non-site specific violations. Examples of site specific violations include housekeeping (maintenance of a clean and sanitary worksite), handling and disposal of regulated waste, ensuring the use of personal protective equipment, ensuring that specific work practices are followed (e.g., hands are washed with running water). and ensuring the use of engineering controls (e.g., needle safety devices). Examples of non-site specific requirements include providing safety devices to employees and training employees to use the devices, offering hepatitis B vaccinations. providing postexposure evaluation and follow up. and maintaining a Sharps Injury Log (Friedman. 2(01) .
California passed Assembly Bill 1208 effective in 1999 that preceded the NSPA and had nearly identical requirements as the NSPA. A report of needlestick injuries in California's licensed health care facilities conducted in 2000 revealed only 37% of home health care agencies reported sharps injuries on the mandated Sharps Injury Logs. In addition. only 28% of home health agencies and skilled nursing facilities evaluated at least one safety-enhanced device (Gillen, 2002) .
Home health care workers are at risk for needlestick injuries in this setting and are currently required to use safer devices whenever feasible. However. most reports of sharps injuries are based on hospital data.
METHODOLOGY
RBSBarch OBsilln
The purpose of this pilot study was to gain an understanding of the types of blood exposures among nurses who work in the home care setting. The design was a cross sectional prevalence study. The period studied was 1993 to 1996.
RBSBBrch SBttlng
Three agencies were requested to submit needlestick and blood exposure reports for the years 1993 to 1996. The participating agencies were located in the San Francisco Bay area. Data from these agencies were analyzed and combined into one report.
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The three participating agencies were designated as Agencies A, B, and C. Agency A was a combined home care and hospice organization, not-for-profit, which employed 476 RNs. The agencies represented both for-profit and not-forprofit organizations, with a wide variety of services and a range of sizes. In addition, Agency A made visits to urban and suburban locations; Agency B was primarily urban; and Agency C included urban, suburban, and a small number of rural locations.
SamplB
The agencies were composed of a total of 648 practicing home health care RNs.
Confidentiality
The directors from the three home care agencies submitted blood exposure information for 1993 to 1996 in 1996. All identifying information was removed before being submitted by the home care agencies, so it was not possible to determine the identities of any employees or source patients. The three agencies were assigned a group letter of A, B, or C. Only the project team had knowledge of which agency belonged to which group.
Agencies were assured that any future publications of the information would not contain identifying information for either the agencies or the employees.
Data Collection Methods
An audit of existing blood exposure information from the three agencies was conducted in 1996. Each agency used a voluntary reporting system, or passive surveillance, to collect these data. The blood exposure information for the three agencies varied in format and content (see detailed description below) because the time period of this pilot study was before the NSPA required a Sharps Injury Log.
Agency A submitted information from January 1995 through June 1996. The data were divided into 6 month periods and included: • Date and time of exposure. • Place where exposure occurred.
• Type of exposure (e.g., needlestick, body fluid splash to eye). • A description of how the exposure occurred.
• Assessment of preventability (e.g., preventable or questionably preventable).
Agency A also calculated exposure rates (number of exposures per 100,000 visits) for each 6 month period.
Agency B submitted a document entitled "Blood/Body Fluid Exposure Log" for August 1993 through June 1996. Names and phone numbers of exposed personnel had been removed. Data were collected for: • Title of the exposed employee and department location. • Whether the employee had received the hepatitis B vaccine and whether that person had antibody to hepatitis B virus. • Date of exposure. • Site (e.g., hand, eye). • Type (percutaneous, mucocutaneous). • How the injury occurred (e.g., while suturing, while trying to flush an IV catheter). • Post-exposure treatment administered (e.g., hepatitis B immune globulin, hepatitis B antibody test, tetanus-diphtheria booster). • Name and status of source patient (e.g., hepatitis B, hepatitis C, HIV antibody status).
Agency C submitted information from November 1994 through August 1996. The only data included were job classification of the exposed individual and a description of how the exposure occurred.
For the participating agencies, there was no information on who collected these data. Agency A's information was in typed format, Agency B's was handwritten, and Agency C submitted both handwritten and typed data.
Categories ofExposures
Each exposure incident was reviewed and categorized according to a categorization system developed in 1987 by one of the authors (Haiduven, 1992 For this study, one category, "While manipulating IV lines or heparin locks" was changed to "While manipulating IV lines or access ports." This change was made to include subcutaneously implanted ports for infusing IV fluids and medications, which are in wide use in home care.
This categorization system has been described in several published papers (Haiduven, 1992; 1995) . The system has been used consistently to categorize more than 3,000 blood exposures since 1987. Although the categories have not been formally tested for validity or inter-rater reliability, consistent results have been achieved when others in the same institution have used the system. Advantages of the system are its ease of use and ability to capture most reasons for exposures. It also facilitates targets for interventions to decrease exposures. The disadvantages of the system are that it may not have mutually exclusive categories and may not be exhaustive. The use of the "Miscellaneous" category was designed to decrease these limitations.
Procedure
A separate data collection form entitled "Blood Exposure Worksheet" was used to categorize the exposures from each agency (See Figure) , as well as to produce one composite report for the three agencies. This worksheet included the time period studied, the number of exposures for each year, the total number of exposures for the 3 year period; job classifications; department or unit where the injury occurred; and the category of exposure. Additional comments were listed for each group, including examples such as whether the source patient was HIV, hepatitis B, or hepatitis C antibody positive; the device used at the time of the exposure; and the procedure performed at the time of the exposure.
Data Analysis
Descriptive statistics were used for the categorical nominal data that were elicited (Hulley, 1988; Shott, 1990) . Frequencies and proportions of the categories of blood exposures, job classifications of the exposed employees, and devices used at the time of the exposure were determined from the composite report.
RESULTS
The total number of exposures for the three agencies from 1993 to 1996 was 52: 4 blood exposures and 48 needlesticks (See Table) . Nurses were involved in 48 (92%) of the injuries. Twelve (23%) exposures occurred before, during, or after needle disposal. Nine (17.3%) were from manipulating IV lines or access ports. Eight (15%) were caused by improper disposal (caused by the patient in 2 cases) and seven (13.5%) occurred during or after blood draw. Of those exposures where the source
CALCULATING RATES OF NEEDLESTICK INJURIES IN THE HOME CARE SETTING
The accurate calculation of needlestick injury rates in home health care is important for the agencies to monitor their own trends as well as to benchmark with other home health care agencies. When hospitals calculate rates of needlesticks, they use number of occupied beds , number of full-time employees patient status was recorded, 20 of 39, or 51%. were from patients who were HIV positive. In those exposures where hepatitis Band C source patient status were recorded (n =23), I (4%) was from a hepatitis B and I (4%) was from a hepatitis C positive source.
In the 12 exposures that occurred before. during. or after disposal. the sharps container was overfilled at the time of disposal in two instances. In another instance, the container fell from the trunk, opened, and a used sharp struck the nurse. Of the 20 exposures that occurred before, during, or after needle disposal and from improper disposal, 6 (25%) were related to the unavailability of a sharps container at the time of disposal.
Five needlesticks (9.6%) occurred when needles were withdrawn from implantable ports. Six needlesticks (11.5%) involved manipulation of a blood glucose device. In 4 (7.7%) needlestick accidents, it was reported that the protective guard or sheath on the syringe had malfunctioned (Haiduven, 2000) .
DISCUSSION
The study had several limitations. First, this was a retrospective study of data previously collected by these agencies and, therefore, there was no mechanism to obtain further information on the individual exposures. Second, the three agencies submitted exposure information for varying time intervals using different data collection sheets between 1993 and 1996 for this 1996 pilot study. Next, the anonymous nature of the data prevented determination of whether certain employees were exposed more than once or if certain patients were involved in more than one exposure. Finally, the absence of denominator data (e.g., the number of procedures performed by RNs, the number of RN visits, the number of devices used) limits the ability to determine exposure rates. The investigator attempted contacting the agencies several times to determine the number of RN visits for each of the 3 years to use as denominator data, but was unable to obtain these data.
The study had several strengths. First, although this study was completed 7 years ago, to the author's knowledge there have not been any single or composite descriptive reports of needlesticks and blood exposures from home care settings to date. Second, it reports preliminary information on needlesticks in the home health setting. thus providing a baseline from which to build. Finally, the study identifies a need for home health care to establish a standardized method for calculating rates of needlestick and blood exposures in this unique setting. (Gillen,2002; Parker, 2002) ,or the numberof devices purchased or used as the denominator (Parker, 2002) . However, although the number of devices may be the most accurate one to use, it is very difficult to monitor in the hospital setting. This is also true of the number of procedures performed using needles and other sharps. Thus, the most commonly used denominator for calculating hospital needlestickrates, and the one used in the EPINet data system, is number of occupied beds (Jagger, 2002) .
In the home health care setting, the number of occupied beds is not an appropriate or useful denominator. Possibledenominators that may be usedin homehealthinclude number of visits per year, number of devices used, or procedures involving needles. The limitation with number of visits is that not all visits involve needles. The limitation with products used is the difficulty in tracking the number and that the needle may be disposedof withoutbeing used or used for another purpose than a medical procedure. Use of procedures involving needles wouldactually be an ideal denominator because it represents procedures at most risk.
Fortunately, a home health agency keeps track of the specific procedures performedat each visit.Therefore, the proposed formula for calculating rates of needlestick injuries in the home health care setting is the number of needlestick injuries divided by procedures using needles multiplied by 1,000. Having the number of procedures using needles as a standard measurement in home care affords an advantage for standardizing a rate of needlesticks. The rate can be used as an initial baseline for an agency to compare its future rates, as well as a benchmark for other agencies to use.
IMPLICATIONS
Several implications from this study include areas of infection risk, importance of safer needledevices, and occupational health practice. First, if increasing numbers of MARCH 2004, VOL. 52, NO.3 patients who are mv positive are being cared for in the homesetting, homecarenurses may be at higherriskof mv exposure from needlesticks and blood splashes in areas where HIV disease is prevalent. In addition, the numberof individuals whoare hepatitis C antibody positive in the United States (estimated to be 4 million) who may not be aware of theirinfections and are beingcaredfor in thehomesetting for other conditions also pose a risk to home care nurses.
Because the largestcategoryof exposures fell into the category of "Before, during, or after needle disposal," the need for exploring existing systems and developing safer systems of needle disposal in this setting arc reinforced. For needlesticks in the category of "Improper disposal" caused by the designof existingcontainersfor use in home care or by the lack of availability of these containers, interventions should be designed to improve both the design and availability of safer needledisposalcontainers. A cluster of needlesticks also occurred while withdrawing needles from implantable ports, indicating a potentialneed for a safer device to be developed for this procedure.
Safer devices for performing blood glucose testing and manipulating IV systems were available on the market at the time of this study. Whether these devices were available and not used, not available, or used incorrectly and, therefore, contributed to the exposures cannot be determined because that data had already been collected on these exposures. Since the time of this study, several safety devices for removing needles from implantable ports have entered the market and ideally will contribute to decreased instances of needlesticks from this activity in the future.
More than 1,000patents on sail .cedledevices have been issued since 1990. Home health care workers need to be involved not only in the selection and evaluation of safer devices, but in the design of such devices for the unique home care setting.
For the occupational health practitioner, the environmental conditions of the home care setting place health care workers at risks for not only needlesticks and blood exposures, but also for musculoskeletal injuries. Thus, the occupational health practitioner is in a position to assess the homecare environment and makesafetyrecommendations for health care workers in this setting. Because of the possible higher risk of bloodbome pathogen exposures from home care client populations, occupational health practitioners need to emphasize the need for vaccinations (e.g., hepatitis B), adherence to Standard Precautions, and use of safer needle devices. Finally, as homecare agencies are required to comply with the Sharps Injury Log recordkeeping, occupational health practitioners may need to assist agencies affiliated with their institutions in developing and maintaining such logs.
CONCLUSION
It appears from the results of this study and the limited amountof information on home health care available from EPINet data, that the home health care nurse remains at high risk of needlestick injury from hollow bore needles and from individuals with bloodborne infections who are cared for in the home, even post-NSPA. In this study, the majority of the needlestick injuries occurred before, during, and after disposal of sharps, indicating a need for safer disposal systems specifically designed for this unique work setting.
The home health care working environment is a challenging one for nurses and other health care workers. It is important for home health agencies to havea standardized method for calculating needlestick injuries. One such method has been proposed in this article.
The effectof the OSHAmandates on the selection and use of safer needle devices, as well as the magnitude of the home care needlestick and blood exposure problem, requires further research. Nurses and other health care workers in this challenging setting deserve a commitment to provision of the safest possible working environment.
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